RELATED ART LIST 



FOR INFORMATION DISCLOSURE STATEMENT 



YOUR REF: 2018-755 
OUR REF; 69627-US 



If appropriate, put the following notice on the PTO-1449 Form. "Full English text of 
the JP document ( s ) will be available in machine-translated form from JPO( Japan Patent 
Office) English language home page at http; //wwwl . ipdl . ipo .go . jp/PAl / cgi-b in/PAl INDEX " 



PATENT DOCUMENTS 



DOCUMENT NO. NOTE: English counterpart etc. 


□ USP 5,324,767 (Already filed on July 25, 2003. 


EI EP 1209705 


L These cited documents 
| are first submitted with 
^ the PTO. 


□ JP-A-6-100739 | |3 English Abstract 


: 
: 
: 

j 


: 
: 
: 
: 

i 1 


: 
: 
: 
[ 
j 


| 
j 
: 
: 
: 


j 

: 
: 
j 


1 , 

: 
j 
: 
: 


: 
: 
: 
| 



OTHER DOCUMENTS (NON-PATENT) 



□ None 



Enclosed 



THIS PAGE BLANK (uspto) 



(19) 



J 



Europaisches Patentamt 
European Patent Office 
Office europeen des brevets 




(11) 



EP 1 209 705 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in accordance with Art. 158(3) EPC 



(43) Date of publication: 

29.05.2002 Bulletin 2002/22 

(21) Application number: 99923977.5 

(22) Date of filing: 09.06.1999 



(51) lntCl7: H01F38/12 

(86) International application number: 
PCT/JP99/03076 

(87) International publication number: 

WO 00/75936 (14.12.2000 Gazette 2000/50) 



(84) Designated Contracting States: 
DE FR GB IT 

(71) Applicant: Hitachi, Ltd. 
Chiyoda-ku, Tokyo 101-8010 (JP) 

(72) Inventors: 

• NAKABAYASHI, Kenji, Hitachi, Ltd. 
Hitachinaka-shi, Ibaraki 312-0062 (JP) 



• SHIMADA, Junichi, Hitachi, Ltd. 
Hitachinaka-shi, Ibaraki 312-0062 (JP) 

• SUGIURA, Noboru, Hitachi, Ltd. 
Hitachinaka-shi, Ibaraki 312-0062 (JP) 

(74) Representative: Beetz & Partner Patentanwatte 
Steinsdorfstrasse 10 
80538 Munchen (DE) 



(54) INTERNAL COMBUSTION ENGINE IGNITION COIL 



(57) An independent ignition type ignition coil for an 
internal combustion engine, comprising, arranged con- 
centrically in a coil case (6) and with the innermost one 
mentioned first, a center core (1), a secondary coil (3) 
wound on a secondary bobbin (2) and a primary coil (5) 
wound on a primary bobbin (4), with epoxy resin (8) and 
soft epoxy (17) filled between these component mem- 
bers, wherein a coating is formed on the outer surface 
of the primary coil (5) so as to facilitate the separation 
from the epoxy resin (8) and the presence of this sepa- 



ration portion (50) between the primary coil (5) and the 
resin and in an interlayer of the primary coil (5) can re- 
duce from a thermal stress produced within the second- 
ary bobbin (2) a stress which is produced in the second- 
ary bobbin by a heat contraction difference between the 
primary coil (5) and the secondary bobbin, thereby re- 
ducing the thermal stress of the secondary bobbin of the 
independent type ignition coil exposed to a rigorous 
temperature environment to prevent bobbin cracking 
and ensure an integrity of electrical insulation. 



FIG. 4 
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Description 

TECHNICAL FIELD 

[0001] The present invention relates to an independ- 
ent ignition type ignition coil for an internal combustion 
engine which is installed in a plug hole of the engine to 
be directly coupled with each spark ignition plug. 

BACKGROUND ART 

[0002] Since such independent ignition type ignition 
coil is introduced at least a part of a coil portion within a 
plug hole and installed therein, a center core (in which 
a plurality of silicon steel plates are stacked on a mag- 
neticpath iron core), a primary coil and a secondary core 
are housed with a thin cylindrical coil casing. A high volt- 
age necessary for spark ignition is generated in the sec- 
ondary coil by controlling supply and block of a current 
for the primary coil. These coils are normally wound on 
respective bobbins and are arranged around the center 
core in coaxial fashion. 

[0003] As the ignition coil of this kind, there are a so- 
called outer secondary coil structure, in which the pri- 
mary coil is arranged inside and the secondary coil is 
arranged outside., and a so-called inner secondary coil 
structure, in which the secondary coil is arranged inside 
and the primary coil is arranged outside. Amongst, the 
latter is considered to be advantageous in comparison 
with the former in view point of output characteristics for 
shorter overall length of the secondary coil in compari- 
son with the former and smaller electrostatic stray ca- 
pacitance. 

[0004] Namely, a secondary voltage output and a ris- 
ing characteristics thereof are affected by the electro- 
static stray capacitance to lower the output and to delay 
rising at greater electrostatic. Accordingly, the second- 
ary coil having smaller electrostatic stray capacitance is 
considered to be more suitable for downsizing and 
higher output. 

[0005] Within the coil casing housing the primary and 
secondary coils, insulation ability of the coils is assured 
by filling an insulative resin (filled and cured). 
[0006] However, when an epoxy resin is filled (filling 
and curing) between the components of the ignition coil 
assembly, since curing temperature of the epoxy resin 
is typically higher than or equal to 1 00 °C, and at normal 
temperature, the insulative resin and bobbin material 
are exerted thermal stress due to different of linear ex- 
pansion coefficients of the components (difference of 
linear expansion coefficients of bobbin, coil, center core 
and the insulative resin). Thus, it becomes necessary to 
provide a measure for preventing crack and interracial 
delamination between the materials due to thermal 
stress. 

[0007] In Japanese Patent Application Laid-open No. 
Heisei 11-111545, there has been disclosed an ignition 
coil of inner secondary coil structure, in which the insu- 



2 

lative resin is filled (filled and cured) within a coil casing 
housing therein the primary and secondary coils. On the 
other hand, there has been disclosed that even if the 
resin insulation material penetrates between the wire of 

5 the primary coil, sliding may be caused the wire of the 
primary coil and the resin insulation material by coating 
wire of the primary coil by a material which is difficult to 
be bonded by the insulative resin to be filled. 
[0008] However, in the prior art, when the primary coil 

10 and the insulative resin are tightly fitted, the surface of 
the primary coil can be scratched by the insulative resin 
to cause peeling off of the coating. 

DISCLOSURE OF THE INVENTION 

15 

[0009] It is an object of the present invention to make 
an ignition coil assembly of this kind high quality and 
high reliability by reducing a thermal stress due to a dif- 
ference of linear expansion coefficients (difference of 
20 linear expansion coefficients of bobbin, coil, center core 
and insulative resin) between components without 
causing break down of electrical insulation of a primary 
coil. 

[0010] In order to accomplish the above-mentioned 
25 object, 

(1 ) Namely, the first invention is that in an independ- 
ent ignition type ignition coil for an internal combus- 
tion engine to be used by directly connecting with 

30 each ignition plug of the internal combustion en- 
gine, in which a center core, a secondary coil wound 
around a secondary bobbin, and a primary coil 
wound around a primary bobbin are coaxially ar- 
ranged in sequential order from inside within a coil 

35 casing, and insulative resin being filled between 
these components, 

a gap portion for reducing stress generated 
within the secondary bobbin by thermal shrinkage 
difference of the first coil and the secondary bobbin 

^0 among thermal stress created within the secondary 
bobbin, is provided togetherwith the insulative resin 
between the primary bobbin and the primary coil 
and between the layers of the primary coil. 

This gap is at least one delaminated portion 

45 formed between "the insulative resin (for example, 
epoxy resin) filled between the primary bobbin and 
the primary coil" and the "primary coil" , between the 
"insulative resin filled between the primary bobbin 
and the primary coil" and the "primary coil", and be- 

>o tween the "primary coil" and "insulative resin filled 
between layers of the primary coil". . 

As more particular mode of implementation, the 
primary coil is provided with the coating film or coat- 
ing which is easy to delaminate between the prima- 

>5 ry coil and the insulative resin filled around the pri- 
mary coil , is provided with the coating film or coating 
easy to delaminate between the bobbin surface and 
the insulative resin contacting on the bobbin sur- 
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face, and is provided, in place with the coating film 
or coating, with an insulative sheet having low bond- 
ing ability with epoxy. 

As these coating film or coating, overcoating 
containing material having small friction coefficient, 
such as nylon, polyethylene : Teflon or the like and 
material having small bonding ability with epoxy 
resin is used. 

After curing epoxy, when temperature is low- 
ered, delamination is caused in the portion having 
small tension stress at the interface between epoxy 
and the primary coil or the primary bobbin and small 
bonding ability with epoxy, due to difference of linear 
expansion coefficients of copper and epoxy. 

As an effect of the present invention , when ther- 
mal shrinkage is caused in the ignition plug by low- 
ering of temperature after stopping operation of the 
engine, relative expansion force in circumferential 
direction acts on the secondary bobbin by thermal 
shrinkage difference (linear expansion coefficient 
difference). On the other hand, from the primary coil 
and the secondary coil, tension force acts on the 
secondary coil relatively in circumferential direction 
via the insulativeresin. Bymultiplier effect of these, 
large interna! stress a is created in the secondary 
bobbin. In the present invention, by interposing the 
gap (for example, the foregoing delaminated por- 
tion) between the primary bobbin and the primary 
coil and/or between the layers of the primary coil, it 
becomes possible to block transmission path of the 
tension force in the circumferential direction other- 
wise acting on the secondary bobbin from the pri- 
mary coil. 

Accordingly, among the stress a created within 
the secondary bobbin, by reducing the stress com- 
ponent o1 created within the secondary bobbin by 
thermal shrinkage difference of the primary bobbin 
and the secondary bobbin, total internal stress <j 
can be significantly reduced (weaken). By exam- 
ples of CAE (Computer Aided Engineering) analysis 
made by the inventors, by reducing the foregoing 
stress component a1 , at least 20% of the total in- 
ternal stress can be reduced. The reduction value 
of the internal stress was confirmed in connection 
with the ignition coil inserted into the plug hole of 
the internal combustion engine to be directly con- 
nected to the ignition plug, and the outer diameter 
of the inserted portion is o1B to 027 mm (the thin 
cylindrical type ignition coil of this size typically has 
0.5 to 1 .2 mm of thickness of the primary bobbin, 
0.7 to 1.6 mm of thickness of the secondary bobbin, 
and 50 to 150 mm of bobbin length). 

Even when the foregoing gap (for example, 
laminated portion) is provided between the primary 
bobbin and the primary coil and/or between the lay- 
ers of the primary coil, since the primary coil is low 
potential (substantially ground potential), concen- 
tration of electric field between the primary coil will 



never be caused. Also, by tightly fitting the second- 
ary coil, the insulative resin and the primary bobbin 
without gap, insulation between the primary coil and 
the secondary coil can be sufficiently assured. It has 
5 also been confirmed by the result of test that con- 

centration of electric field by line voltage of the sec- 
ondary coil can be satisfactorily prevented. Thus, 
insulation break down can be prevented. 
(2) Furthermore, in addition to the foregoing first in- 
to vention, when modified PPE (modified polyphe- 
nylene ether) is used for the secondary bobbin, the 
internal stress o can be further reduced in viewpoint 
of improvement of material of the secondary bobbin 
by containing inorganic filler (glass fiber, Mica, Talk 
15 or the like) in the content of greater than or equal to 
20% in the secondary bobbin. 

[001 1 ] Modified PP E is superior in bonding ability with 
epoxy resin serving as the insulative resin, and has good 

20 molding ability and insulation ability. Therefore, it can 
contribute for quality stability of the secondary bobbin. 
When the inorganic filler content is less than 20%, the 
difference of linear expansion coefficients with other 
component (center core, primary coil, secondary coil or 

25 the like) becomes large to make the internal stress (ther- 
mal stress) a large, For example, according to the ex- 
ample of CAE analysis, if the foregoing a 1 is not re- 
duced, the internal stress a created in the secondary 
bobbin becomes as large as about 90 to 100 M Pa upon 

30 occurrence of abrupt temperature drop if the ignition coil 
is placed in temperature environment varying from 130 
°C to -40 °C. 

[0012] In contrast to this, according to the present in- 
vention, the internal stress a can be lowered to be less 

35 than or equal to 70 MPa to successfully prevent longi- 
tudinal cracking of the secondary bobbin. It should be 
noted that as optimal example of lowering of the internal 
stress o with maintaining bolding ability (flowability of 
the resin) of the secondary bobbin, it is proposed a ma- 

40 terial containing 45 to 60 Wt% of modified PPE, 15 to 
25 Wt% of glass fiber, 15 to 35 Wt% of non-fibric inor- 
ganic filler. The detail will be discussed in the discussion 
of the embodiment. 

[0013] Furthermore, in viewpoint of the linear expan- 
ds sion coefficient lowering the foregoing internal stress o , 
particularly, when resin flow direction in resin molding is 
axial direction of the bobbin, the linear expansion coef- 
ficient in the direction perpendicular to the resin flow di- 
rection (it becomes important point for preventing longi- 
50 tudinal cracking of the bobbin to suppress internal stress 
in the direction corresponding to radial direction and cir- 
cumferential direction of the bobbin, particularly in cir- 
cumferential direction) of 35 to, 75 x 10" 6 in average at 
-30 °C to -10 °C in test method according to ASTM D 
55 696. Detail of this will be discussed in the discussion of 
the embodiment. 

[001 4] As more particular embodiment, by forming the 
coating film or coat layer on the outermost layer of the 
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primary coil containing component having no affinity or 
causing no chemical reaction with the insulative resin 
(for example, epoxy resin), delamination is caused be- 
tween the primary coil and the insulative resin to form 
the gap portion. The component having no affinity or 
causing no chemical reaction with the insulative resin is 
the material expressed by-^-Ch^CH^-^n ( n = 2) 
or-fr CH 2 - CH(CH 3 ) -± n (n ^ 2), for example, nylon, 
polyorefin such as polyethylene, polypropylene or the 
like : fruorinated resin, fluorinated ester, fluorinated rub- 
ber, wax, fatty acid ester. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0015] 

Fig. 1 is a longitudinal section of one embodiment 

of an ignition coil for an internal combustion engine 

according to the present invention; 

Fig. 2 is an enlarged illustration showing a portion 

B of Fig. 1 in a condition enlarged and transversely 

oriented; 

Fig. 3 is a cross section taken along line A - A' of 
Fig. 1; 

Fig. 4 is an enlarged section of portion C Fig. 2; 
Fig. 5 is an enlarged section of portion C of another 
embodiment of the present invention; 
Fig. 6 is a top plan view of an igniter casing of the 
foregoing embodiment; 

Fig. 7(a) is a front elevation showing an ignition driv- 
er circuit to be used in the foregoing embodiment, 
to be transfer molded, (b) is its top plan view, and 
(c) is a top plan view showing a condition where the 
ignition driver circuit is mounted and before transfer 
molding; 

Fig. 8 is a diagrammatic illustration showing a mode 
of insulation break down in the case where crack is 
caused in respective portion of the ignition coil; 
Fig. 9 is a section of the primary coil to be employed 
in the foregoing embodiment; 
Fig. 1 0 is a diagrammatic illustration showing a con- 
dition where a part of a secondary bobbin to be em- 
ployed in the foregoing embodiment is cut into half 
to be locally sectioned; 

Fig. 11 is an enlarged section of a portion P of Fig. 
10; 

Fig. 12 is a diagrammatic illustration showing a re- 
lationship between a linear expansion coefficient in 
peripheral condition (perpendicular direction rela- 
tive to flow direction in resin molding) of a secondary 
bobbin and a stress generated in the secondary 
bobbin; 

Fig. 13 is a diagrammatic illustration showing a re- 
lationship between a content of Mica in the second- 
ary bobbin and the linear expansion coefficient; 
Fig. 14 is a diagrammatic illustration showing a 
stress generated in the secondary bobbin and 
number of heat cycle; 



Fig. 15 is a longitudinal section of another embodi- 
ment of the ignition coil for the internal combustion 
engine according to the present invention and an 
enlarged section of a portion E; and 
5 Fig. 1 6 is an enlarged section of a portion D of Fig. 9. 

BEST MODE FOR IMPLEMENTING THE INVENTION 

[0016] Embodiments of the present invention will be 
10 discussed with reference to the drawings. 

[0017] Fig. 1 is a longitudinal section of one embodi- 
ment of an ignition coil for an internal combustion engine 
according to the present invention, Fig. 2 is an enlarged 
illustration showing a portion B of Fig. 1 in a condition 
*5 enlarged and transversely oriented, and Rg. 3 is a cross 
section taken along line A - A* of Fig. 1 . 
[0018] Within a thin cylindrical casing (outer casing) 
6, a center core 1 , a secondary coil 3 wound around a 
secondary bobbin 2 and a primary coil 5 wound around 
2 o a primary bobbin 4 are arranged in coaxial fashion from 
center (inside) to outside. On outside of the outer casing 
6, a side core forming a magnetic path with the center 
core 1 is mounted. 

[0019] The center core 1 is formed by stacking a large 
25 number of silicon steel plates or directional silicon steel 
plates set widths into several stages, by press for in- 
creasing sectional area, as shown in Fig. 3, for example. 
On both ends in axial direction of the center core 1 , mag- 
nets 9 and 1 0 are arranged adjacent the center core 1 . 
30 The magnets 9 and 1 0 are adapted to operate the igni- 
tion coil lower than or equal to saturation point of mag- 
netization curve of the core by generating a magnetic 
flux in opposite direction to the magnetic flux of the coil 
passing through the center core 1 . The magnet may also 
35 be arranged only at one end of the center core 1 . The 
reference numeral 24 denotes an elastic body (for ex- 
ample, rubber) absorbing thermal expansion in axial di- 
rection of the center core 1 . 

[0020] As shown in Fig, 2, between the center core 1 

40 inserted within the secondary bobbin 2 and the second- 
ary bobbin 2, so-called soft epoxy resin' (flexible epoxy) 
17 is filled, and within gaps between respective compo- 
nents of the secondary bobbin 2, the secondary coil, the 
primary bobbin 4, the primary coil 5 and the outer casing 

45 6, hard epoxy resin (thermosetting epoxy resin) is filled. 
[0021] The soft epoxy resin 17 is epoxy resin having 
soft property (elastmer) having glass transition point 
lowerthan or equal to a normal temperature (20 °C) and 
having elasticity at a temperature higher than or equal 

50 to the glass transition point, and can be a mixture of 
epoxy resin and modified fatty series polyamine (ther- 
mosetting epoxy resin) 8, for example. 
[0022] The reason why soft epoxy resin 1 7 is selected 
as the insulative resin between the center core 1 and 

55 the secondary bobbin 2, is that so-called pencil coil (in- 
dependent ignition type ignition coil of the type to be in- 
serted into a plug hole) is faced to severe temperature 
environment (thermal stress in a temperature range be- 
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tween about -40 °C to 130 °C), and in addition thereto, 
since the difference between the linear expansion coef- 
ficient of the center core 1 (1 3 x 10" 6 ) of the center core 
1 and the linear expansion coefficient of the hard epoxy 
resin of the hard epoxy region (40 x 1' 6 ) is large, if ordi- 
nary epoxy resin (epoxy resin composition harder than 
soft epoxy resin 17) is used/crack may be formed in the 
epoxy resin by a heat shock to cause insulation break 
down. Namely : as a measure for the heat shock, the soft 
epoxy resin 17 which is an elastic body superior for ab- 
sorbing heat shock and has insulation ability, is used. 
[0023] Here : discussion will be given for the second- 
ary bobbin 2. The shown embodiment of the secondary 
bobbin 2 is based on the following finding. 

Q) The secondary bobbin 2 satisfies a condition of 
[allowable stress of secondary bobbin o0> (stress 
to be generated at (-40 °C - glass transition point 
Tg of soft epoxy resin 1 7) a]. Here, as one example, 
the secondary bobbin having the soft epoxy resin 
which has glass transition point Tg at -25 °C, will be 
discussed as example. 

For example, when the glass transition point Tg 
of the soft epoxy resin 1 7 is -25 °C, when the sec- 
ondary bobbin 2 causes shrinkage to cause tem- 
perature drop after stopping operation of the inter- 
nal combustion engine as placed in the environ- 
ment causing temperature variation from 1 30 °C to 
-40 °C, shrinkage of the secondary bobbin 2 in the 
temperature range from 130 °C to -25 °C can be 
accommodated by elastic absorption of the soft 
epoxy resin 17. Therefore, among thermal stress o 
to be caused within the secondary bobbin 2, a com- 
ponent exerted from the center core 1 is substan- 
tially zero. It should be appreciated that as a whole, 
when thermal shrinkage of the secondary bobbin 2 
is caused, the primary coil 5 and the secondary coil 
3 having smaller linear expansion coefficient (ther- 
mal expansion coefficient) than the secondary bob- 
bin 2 suppresses thermal shrinkage of the second- 
ary coil 3 via the hard epoxy resin 8. In other words, 
the primary coil 5 and the secondary coil 3 apply 
tension force in peripheral direction relative to the 
secondary bobbin 2. By this, a sum of thermal stress 
component o1 acting from the primary coil 5 and 
thermal stress component a3 acting from the sec- 
ondary coil 3 becomes a major component of an in- 
ternal stress a of the secondary bobbin 2. 

In a temperature range from -25 °C to -40 °C, 
the soft epoxy resin 17 transits to glass state. By 
this, shrinkage (deformation) of the secondary bob- 
bin 2 is also prevented from the side of the center 
core 1 . Therefore, a thermal stress a 3 applied by 
a force from the center core side is added to thermal 
stresses o1 and a2 applied by the primary coil and 
the secondary coil set forth above. A stress as a 
sum of these o1 . o2 and o3 becomes a major com- 
ponent of the internal stress o of the secondary bob- 



bin 2. 

The thermal stress a caused in the secondary 
bobbin 2 is expressed by a =E • a = E • a T E is a 
Young's modulus, a is a strain, a is a linear expan- 

5 sion coefficient of the secondary bobbin and T is a 

temperature variation (temperature difference). 
When the allowable stress a0 of the secondary bob- 
• bin 2 is greater than the generated stress o (a < aO), 
breakage of the secondary bobbin 2 is not caused. 

10 ©A material of the secondary bobbin 2 is to be 
selected a material having good bonding ability with 
the epoxy resin 8. When bonding ability with the 
epoxy resin 8 is low, delamination is caused be- 
tween the secondary bobbin 2 and the epoxy resin 

15 8 to potentially cause insulation break-down. 

[0024] Here, discussion will be given for a mechanism 
of insulation break-down upon occurrence of delamina- 
tion (including formation of crack of the insulative resin) 
20 between the insulative resin and the bobbin material 
with reference to Fig. 8. 

[0025] Fig. 8 shows a part of the pencil coil of inner 
secondary coil structure in enlargedform, and is a partial 
enlarged section of the case where a plurality of collars 
25 (collars for setting respective spool area) 2B for sepa- 
rately winding the secondary coils are arranged on the 
outer surface of the secondary bobbin 2 in spaced apart 
in axial direction. 

[0026] Among the epoxy resin 8, the epoxy resin 8 to 
30 be filled between the secondary bobbin 2 and the pri- 
mary bobbin 4 reaches the outer surface of the second- 
ary bobbin 2 as penetrated between wire of the second- 
ary coil in addition between the secondary coil 3 and the 
primary bobbin 4 by lamination (vacuum pressure im- 
35 pregnation). On the other hand, between the centercore 
1 and the secondary bobbin 2, the soft epoxy resin 17 
is filled as set forth above. 

[0027] In this case, when contact strength (bonding 
strength) between the insulative resin and the second- 

40 ary and primary bobbins is low, delamination can be 
caused between the secondary bobbin 2 and the insu- 
lative resin 8 penetrating into the secondary coil as 
shown by reference sign I, and between the collar of the 
secondary bobbin and the insulative resin 8 as shown 

45 by reference sign II. On the other hand, regions between 
the insulative resin 8 and the primary bobbin 4 as shown 
by reference sign III and between the insulative resin 17 
and the secondary bobbin 2 as shown by reference sign 
IV are considered as regions potentially causing dela- 

50 mination. 

[0028] When delamination is caused at the position 
shown by the reference sign I, concentration of electric 
field can be caused by line voltage of the secondary coil 
3 through a delaminated portion (gap) to cause partial 
55 discharge between wire of the secondary coil 3 to gen- 
erate heat resulting in burning out of enamel coating of 
the wire of the secondary coil to cause layer shorting. 
On the other hand, when delamination is caused in the 
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position shown by the reference sign II, concentration 
of electric field is caused between wire between the sep- 
arately wound adjacent areas of the secondary coil 3 to 
cause layer shorting due to partial discharge similarly to 
the above. When deiamination is caused in the position 
shown by the reference sign III, insulation break down 
is caused between the secondary coil 3 and the primary 
coil 5. When the deiamination is caused in the position 
shown by the reference sign IV, insulation break down 
is caused between the secondary coil 3 and the center 
core 1 . 

[0029] In the shown embodiment, in order to satisfy 
the foregoing condition, modified PPE superior in bond- 
ing ability with the epoxy resin is used as the material of 
the secondary bobbin 2. This material contains inorgan- 
ic substance (glass filler, Mica or the like) for certainly 
providing reinforcement Furthermore, in the shown em- 
bodiment, in order to satisfy the foregoing condition, 
namely, for making the linear expansion coefficient a of 
the secondary bobbin as small as possible and for real- 
izing the foregoing allowable stress aO > a, inorganic 
substance is contained in a content greater than or 
equal to 20 Wt%, and more preferably greater than or 
equal to 30%. On the other hand, in order to assure in- 
jection molding ability of the secondary bobbin 2, it is 
necessary to improve fluidability of .the resin in molten 
condition. The inorganic substance may be not only fiber 
type, such as glass filler or the like but also non-fibric 
inorganic substance, such as Mica or the like. 
[0030] Fig. 10 shows a sectional perspective view 
showing a part of the secondary bobbin in the shown 
embodiment illustrated in cut into half. Flow direction of 
the resin upon molding of the secondary bobbin of the 
shown embodiment is axial direction of the bobbin, and 
diametrical direction and circumferential direction of the 
bobbin is perpendicular direction relative to the flow di- 
rection of the resin of the secondary bobbin. Fig. 11 is 
an illustration diagrammatically showing the portion P of 
Fig. 10 in enlarged form. Glass fiber as filler is oriented 
in the resin flow direction. Accordingly, linear expansion 
coefficient of the secondary bobbin in the axial direction 
is sufficiently small in comparison with the diametrical 
direction and circumferential direction perpendicular to 
the axial direction. When theMinear expansion coeffi- 
cients in the diametrical direction and circumferential di- 
rection are desired to make smaller without sacrificing 
flowability of the resin, it becomes necessary to make 
linear expansion coefficients in diametrical direction and 
circumferential direction by admixing a non-fibric filler 
material (e.g. Mica, talk or the like) in addition to glass 
fiber. In order to withstand to inner stress (thermal 
stress) a, the secondary bobbin 2 is required to make 
the linear expansion coefficient in circumferential direc- 
tion of the bobbin (perpendicular direction with respect 
to the resin flow direction). 

[0031] Fig. 13 shows a relationship between the Mica 
content and linear expansion coefficient in a direction 
perpendicular to the resin flow direction (average linear 



expansion coefficient of -30 °C to - 1 0 °C in a test method 
in accordance wfth ASTM D 696) in the case where the 
secondary bobbin 2 is formed with modified PPE (base 
containing 20 Wt% of glass fiber). In Fig. 1 3, E-6 repre- 
5 sents 1 0-6 In this case : inorganic filler is 20 Wt% in total 
(20 Wt% of glass fiber, 0 Wt% of Mica) and the linear 
expansion coefficient is about 70 x 1 0* 6 (in case of test 
example, 49.3 x 10" 6 ). When the inorganic filler is 20 
Wt% of glass fiber and 20 Wt% of Mica, the linear ex- 
10 pansion coefficient is about 50 x 1 0* 6 (in case of the test 
example, 49.3 x 10-6). When the inorganic filler is 20 
Wt% of glass fiber and 30 Wt% of Mica, the linear ex- 
pansion coefficient is about 40 x 1 0" 6 (in case of the test 
example, 39.6 x 1 0' 6 ). For example, when the linear ex- 
's pansion coefficient is desired to restrict in a range of 
about 40 to 50 x 1 0" 6 , if content of glass fiber is 20 Wt%, 
the content of Mica becomes 20 to 30 Wt%. When the 
content of glass fiver is 15 to 25 Wt%, and the linear 
expansion coefficient is desired to restricted in a range 
20 of about 40 to 50 x 10- 6 , squired content of Mica be- 
comes 15 to 35 Wt%. More particularly, modified PPE 
is 45 to 60 Wt%, glass fiber is 15 to 25 Wt% and Mica 
is 15 to 35 Wt%. As optimal example, in the shown em- 
bodiment, the secondary bobbin 3 contains 55 Wt% of 
25 modified PPE, 20 Wt% of glass fiber and 30 Wt% of Mi- 
ca. As shown in Fig. 1 3, Mica content and linear expan- 
sion coefficient in perpendicular direction is substantial- 
ly proportional relationship. 

[0032] It should be noted that the modified PPE con- 
so taining 50% of inorganic substance has linear expan- 
sion coefficient a of 20 to 30 x 10- 6 in the resin flow di- 
rection upon molding in the temperature range of -30 °C 
to100°C. 

[0033] Here, for certainly attaining strength of the sec- 
35 ondary bobbin 2 : it should be natural that greater thick- 
ness of the bobbin is better. However, since the pencil 
coil is typically required to be inserted into a thin plug 
hole in the extent of ©19 to 028 mm, the external diam- 
eter of the coil portion to be inserted thereinto should be 
40 in a extent of 018 to 0 27 mm including the side core. 
Within such narrow space, epoxy resin 8 has to be filled 
between the components, such as the coil casing 6, the 
primary coil 5, the primary bobbin 4, the secondary coil 
3, the secondary bobbin 2, the center core 1 and so forth 
4 5 and a gap defined in the components so as to fill up the 
defect. Accordingly, the thicknesses of respective parts 
are desire to be as small as possible. 
[0034] In the shown embodiment, the thickness of the 
primary bobbin is set at 0.5 mm to 1 .2 mm : the thickness 
50 of the secondary bobbin is set at 0.7 to 1 .6 mm, and a 
length of the bobbin is set at 50 to 1 50 mm. 
[0035] The secondary coil 3 to be wound around the 
secondary bobbin 2 has a linear expansion coefficient 
of about 22 x 10*6 a t -40 °C in a condition where epoxy 
55 resin is impregnated between wire. On the other hand, 
the primary coil 5 to be wound around the primary bob- 
bin 4 has a linear expansion coefficient of about 22 x 
10- 6 at -40 °C in the condition where epoxy resin is im- 
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pregnated between wire. It should be noted that the lin- 
ear expansion coefficient is determined by a testing 
method in accordance with ASTM D 696. 
[0036] The secondary coil 3 is separately wound 
about 5000to 35000 turns in total using enamel line hav- 
ing line diameter of about 0.03 to 0.1 mm. On the other 
hand, the primary coil 5 is wound about 1 00 to 300 turns 
in total over several layers (here two layers) with winding 
several tens turns per each layer using enamel line hav- 
ing line diameter of about 0.3 to 1 .0 mm. Outer sheath 
structure of the primary coil will be discussed later. 
[0037] The primary bobbin 4 is formed of PBT con- 
taining rubber. The reason why PBT is used, is for at- 
taining a linear expansion coefficient comparable with 
or in a range ±10% of the linear expansion coefficient 
of epoxy resin 8. Furthermore, by containing rubber, 
bonding ability with epoxy resin 8 can be increased. Par- 
ticularly, the composition of the material of the primary 
coil is 55 Wt% of PBT, 5 Wt% of rubber, 20 Wt% of glass 
fiber, 20 Wt% of plate form elastmer. It is also possible 
to form the primary bobbin and the secondary bobbin 
with the same PPS material to lower total cost. 
[0038] For the primary coil 5, in addition to a coating 
5A of insulative material (for example, ester imide, 
amide imide, urethane or the like) in a thickness of 10 
to 20 u.m around copper line (o 0500 to 800 ujti) as 
shown in diagrammatic illustration of Fig. 9, a coating 
(overcoating) 5B to be easily separating the primary coil 
5 from the insulative resin (epoxy resin) 8 filled around 
the primary coil, are provided. The overcoating 5B is 
prepared by adding any one of nylon, polyethylene, Te- 
flon or the like to provide sliding ability to the same ma- 
terial as the insulative material 5 A in a content of several 
%, and the thickness thereof is 1 to 5 ixm. 
[0039] The reason why overcoating having not so 
high bonding ability to the epoxy resin 8, is to reduce 
stress component d created in the secondary bobbin 
among stress a created in the secondary bobbin by a 
difference of thermal shrinkages of the primary coil 5 
and the secondary coil 2 (linear expansion coefficient 
difference) (for satisfying the foregoing condition). 
[0040] Namely, by presence of the foregoing over- 
coating 5B : a delaminated portion (gap) 50 is formed 
between the primary coil 5 and the epoxy resin 8 pre- 
sented around the primary coil 5 as shown in Fig. 4. The 
delaminated portion 50 may also be formed between the 
epoxy resin 8 filled between the primary bobbin 4 and 
the primary coil 5 and the primary coil 5 or between the 
layers of the primary coil 5. It should be noted that Fig. 
4 is an enlarged section of the portion C of Fig. 2 and is 
drawn based on tomogram (30 to 40 times of magnifi- 
cation) of microscope taken on the portion correspond- 
ing to the portion C. 

[0041] By interposing the gap (delaminated portion) 
50 between the primary bobbin 4 and the primary coil 5 
or between the layers of the primary coil 5, it becomes 
possible to block a path of tension force (tension force 
based on difference of heat expansion) of the primary 



coil and the secondary bobbin) in circumferential direc- 
tion acting from the primary coil 5 to the secondary bob- 
bin. Accordingly, by reducing the stress component o1 
applied by the presence of the primary coil among stress 

5 a created within the secondary bobbin, a can be re- 
duced (weaken) in the extent greater than or equal to 
20%. Also, the linear expansion coefficient of the mod- 
ified PPE is improved by blending more than or equal to 
20% of inorganic filler as set forth above for reducing 

10 internal stress (thermal stress) by improvement of ma- 
terial of the secondary bobbin. According to example of 
CAE analysis by the inventors, the stress o generated 
in the circumferential direction of the secondary bobbin 
2 (also in perpendicular direction relative to resin flow 

15 direction in molding of the bobbin, hereinafter referred 
to as 6 direction) can be significantly reduced by multi- 
plier effect with stress weakening effect of the gap 50. 
[0042] Fig. 1 2 shows the relationship between the lin- 
ear expansion coefficient in the direction perpendicular 

20 to the resin flow direction (axial direction of the bobbin) 
of the secondary bobbin and the stress generated in the 
secondary bobbin (0 direction), in the shown embodi- 
ment. 

[0043] The generated stress (thermal stress) of the 

25 secondary bobbin of Fig. 12 is derived as internal stress 
in e direction to be created at -40 °C by generating th ree- 
dimensional model of the ignition coil using the CAE 
analysis software and inputting material property values 
(linear expansion coefficient, Young's modulus, Pois- 

30 son's ratio) of respective parts, and taking the stress 
generated at a temperature of 130 °C for curing epoxy. 
The linear expansion coefficient in the property value 
uses the material of the secondary bobbin of 35 to 75 x 
10" 6 in average at -30 °C to -10 °C, as approximated 

35 value of -40 °C. 

[0044] In Fig. 12, the solid line A corresponds to the 
shown embodiment (one provided the foregoing delam- 
inated portion 50 around the primary coil), in which, with 
taking the secondary bobbin material (gas filler 20 Wt% 

40 base of Fig. 1 2 with Mica content of 0 Wt%, 20 Wt% and 
30 Wt%) exemplified in Fig. 13 into account, CAE anal- 
ysis is performed using one having the linear expansion 
coefficient of 35 to 75 x 1 0" 6 in average in the tempera- 
ture range of -30 °C to -1 0 °C as an approximated value 

45 of the linear expansion coefficient of the secondary bob- 
bin, particularly using approximated linear expansion 
coefficient at -40 °C in 6 direction of five secondary bob- 
bins having linear expansion coefficients of about 40 x 
10" 6 (strictly 39.6 x 1 0" 6 ), about 50 x 1 0" 6 (strictly 49.3 x 

so 1 0" 6 ) , about 70 x 1 0* 6 (strictly 66.8x1 0" 6 ) , 35 x 1 0" 6 and 
75 x 1 0" 6 as tolerance. 

[0045] As a result of analysis, when the average of 
the linear expansion coefficient of the secondary bobbin 
at approximately -40 °C (-30 °C to -1 0 °C) is 35 to 75 x 
55 1 0' 6 (the lower limit value 35 of the average is based on 
restriction of the blending amount of the inorganic filler 
capable of molding of the secondary bobbin), analysis 
result where the stress generated by the secondary bob- 
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bin becomes 70 MPa [allowable upper limit of internal 
stress (thermal stress) of the secondary bobbin taken 
as target by the inventors]. 

[0046] While less than or equal to 70 MPa of the gen- 
erated stress is based on CAE analysis by the inventors, 
base of the numerical value is passed heat cycle test 
(test repeating temperature variation in a range of 130 
°C to -40 °C ) sufficiently satisfying durability of the ig- 
nition coil forthe internal combustion engine of this kind. 
Fig. 14 is an illustration showing a characteristic test of 
generated stress in the secondary coil 2 and number of 
heat cycles, in which a horizontal axis represents 
number of heat cycles and a vertical axis represents 
generated stress 1 and the range less than or equal to 
70 MPa is the range where crack is not caused in the 
secondary bobbin 2 at 300 times or more of the heat 
cycle. 

[0047] The solid line B in Fig. 12 shows comparative 
example representative of result of analysis of generat- 
ed stress of the secondary bobbin in the case where the 
linear expansion coefficient in the 6 direction is set sim- 
ilar to that of the solid line A in the ignition coil, in which 
the foregoing delaminated portion 50 is not provided 
around the primary coil. In this case, the generated 
stress in the circumferential direction of the secondary 
bobbin becomes greater than or equal to 80 MPa. 
[0048] Even if the foregoing delaminated portion 50 
us provided between the primary bobbin 4 and the pri- 
mary coil 5 and between the layers In the primary bobbin 
5, since the primary coil 5 low potential (substantially 
ground potential); concentration of the electric field be- 
tween the primary coil is nut caused. Furthermore, by 
tightly fitting the secondary coil 3 : the epoxy resin 8 and 
the primary bobbin 4 without forming gap, insulation be- 
tween the primary coil and the secondary coil can be 
certainly attained. In addition, ii has been confirmed as 
a result of test by the inventors to satisfactorily achieve 
prevention of concentration of electric field by line volt- 
age of the secondary coil. 

[0049] Particularly in the shown embodiment, by us- 
ing PBT containing rubber in the primary bobbin 4, bond- 
ing ability with the epoxy resin 8 can be increased and 
delamination of the epoxy resin 8 on the inner diameter 
side of the primary bobbin 4 can be certainly prevented 
to achieve good insulation performance by maintaining 
bonding ability between the secondary coil 3, the epoxy 
. resin 8 and the primary bobbin 4. 
[0050] It should be noted that the primary bobbin 4 
may be formed of thermoplastic resin, such as PPS 
(polyphenyl sulfide), modified PPE or the like. 
[0051] For the coil casing 6, thermoplastic resin, such 
as PBT, PPS modified PPE orthe like may be used. On 
the outer surface of the coil casing, the side cores 7 are 
mounted. The side core 7 is cooperated with the center 
core 1 for forming the magnetic path, and is formed by 
rounding thin silicon steel plate or directional silicon 
steel plate in the thickness of 0.3 mm to 0.5 mm into 
cylindrical form. 



[0052] The reference numeral 20 denotes an ignition 
circuit unit (igniter) coupled with the upper portion of the 
coil casing 6. Within a unit casing 20a, an electronic cir- 
cuit (ignition driver circuit 23) for driving the ignition coil 
5 is housed, and a connector portion 21 for external con- 
nection is integrally molded with the unit casing 20a. 
[0053] The ignition driver circuit 23 in the shown em- 
bodiment is finally transfer molded. Fig. 7(a) shows a 
front elevation of an independent product of the ignition 
10 driver circuit 23, (b) is a top plan view thereof, and (c) 
shows a condition where hybrid IC 30a and a power el- 
ement (semiconductor chip) 30b for the ignition driver 
circuit are mounted on a base (substrate) 31 with a ter- 
minal 33 before transfer molding. As shown in Figs. 7 
*5 (a) to (c), after mounting the hybrid IC 30a and the power 
element 30b on the base 31 , transfer molding 32 is pro- 
vided. 

[0054] Fig. 6 shows a condition where the transfer 
molded ignition driver circuit 23 is mounted in the unit 
zo casing 20a. Upon mounting, after connecting the termi- 
nal 33 of the ignition driver circuit 23 and the connector 
terminal 22 on the side of the unit casing 20a, epoxy 
resin 8 is filled and cured in the unit casing 8, which is 
illustrated in the condition where the transfer molded ig- 
25 nition driver circuit 23 is seen through. The ignition driver 
circuit 23 is buried with the epoxy resin 8. 
[0055] In the shown embodiment, circuit elements 
other than a power transistor among the ignition driver 
circuit 23, which are not suited for integration into a chip, 
30 for example, noise suppressing capacitor (eliminated 
from illustration) is externally mounted on outside of a 
pencil coil. The noioc oupproceing capacitor is arranged 
between a not shown power source line and ground and 
prevents noise generated by power supply control of the 
35 ignition coil 

[0056] By employing such transfer molded ignition 
driver circuit 23, the ignition driver circuit 23 can be in- 
tegrated into single chip to advantageously simplified 
the manufacturing process to lower a cost, input current 
40 can be made small, and so on. 

[0057] The reference numeral 1 1 denotes a high volt- 
age diode, 12 denotes a leaf spring, , 13 denotes a high 
voltage terminal 1 4 denotes a spring for connection with 
the ignition plug connection, and 15 denotes a rubber 
45 boots for connection of the ignition plug. The high volt- 
age diode 11 serves for preventing excessively ad- 
vanced ignition when a high voltage generated in the 
secondary coil 3 is supplied to the ignition plug via the 
leaf spring 12, the high voltage terminal 13 and the 
50 spring 14. 

[0058] Major operations and effects of the shown em- 
bodiment are as follows. 



55 



(1) Even the independent ignition type ignition coil 
subject to severe temperature environment as in- 
stalled within the plug hole, the internal stress (ther- 
mal stress) a generated in the secondary bobbin 
can be made small. 
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Accordingly, with the shown embodiment, the 
internal stress a of the secondary bobbin can be sig- 
nificantly reduced to certainly prevent cranking (lon- 
gitudinal cracking prevention) of the secondary 
bobbin. Fortesting, temperature variation in a range 
of 130 °C to -40 °C is repeatedly applied for 300 
times to observe the secondary bobbin 2. Then, it 
has been confirmed that damage is not caused in 
the secondary bobbin 2 and good condition can be 
maintained. 

(2) On the other hand, even when the gap 50 is pro- 
vided as set forth above, since bonding ability (tight 
fitting ability) of epoxy resin to the secondary bobbin 
2 and bonding ability of epoxy resin for inner side 
of the primary bobbin 4 are high, highly reliable pen- 
cil coil can be provided without sacrificing insulation 
ability. 

[0059] It should be noted that, in the foregoing em- 
bodiment, the gap 50 is formed between the primary coil 
4 and the insulative resin 9 therearound.. However, the 
effect (1) of the shown embodiment set forth above can 
be expected even when the gap portion (laminated por- 
tion) 51 is formed between the insulative resin (epoxy 
resin) 8 filled between the primary bobbin 4 and the pri- 
mary coil 5 as shown in Fig. 5, and the primary bobbin 5. 
[0060] For example, in the embodiment shown in Fig. 
5, on the bobbin surface (surface on outside of the bob- 
bin) on the side where the primary coil is wound, among 
the primary bobbin 4, by applying the overcoating 4A 
(coating layer of coating)which easy to separate be- 
tween the bobbin surface and the epoxy resin facing the 
bobbin surface, formation of the gap portion 51 is as- 
sured. The material of the overcoating 4A is similar ma- 
terial as the overcoating set forth above. On the other 
hand, it is also possible to stick a sheet having small 
bonding force to epoxy on the outer surface of the pri- 
mary bobbin instead of the overcoating set forth above. 
[0061] On the other hand, it is also possible to provide 
both of the foregoing gaps 50 and 51 . 
[0062] Fig. 15 is a partially eliminated section showing 
another embodiment of the present invention. While not 
illustrated, between the primary bobbin 4 and the prima- 
ry coil 4 and/or between the layers of the primary coil 5, 
stress reducing gaps (delaminated portions) 50 and 51 
similar to the above are provided. On the other hand, 
the construction thereof is similarto the embodiment set 
forth above except for the following point. The same ref- 
erence numerals to the foregoing embodiment identify 
the same or common elements. 

[0063] Namely, what is different from the embodiment 
set forth above, is that instead of filling the soft epoxy 
resin 17 between the center core 1 and the secondary 
bobbin 2, the center core 1 is preliminarily coated with 
an insulating member 60, such as silicon rubber, ure- 
thane, acryl resin or the like before arranging inside of 
the secondary bobbin 2, in place. The coated center 
core is arranged within the secondary bobbin, and hard 



epoxy resin 8 is filled between the center core 1 and the 
secondary bobbin 2. 

[0064] With the shown embodiment, in addition to 
achievement of similar effect to the first embodiment, 
5 the following operation and effect can be achieved. By 
absorbing heat shock between the center core 1 and the 
secondary bobbin 2 by the elastic member (center core 
coating) 60, it can contribute for reducing of thermal 
stress a of the secondary bobbin. Furthermore, in corn- 
to parison with the operation for filling and curing the soft 
epoxy resin into the narrow space between the second- 
ary bobbin and the center core (filling and curing under 
vacuum pressure), the center core coating 60 can be 
done for the independently. Also, normal filling and cur- 
15 ing of hard epoxy resin between the center core and the 
secondary bobbin to be performed after insertion of the 
center core 1 with the coating into the secondary bobbin , 
can be easily performed for low viscosity in comparison 
with the soft epoxy to achieve lowering of operation cost. 
20 in addition, absorbing of magnetic vibration generated 
from the center core can be efficient to reduce lowering 
of noise. 

[0065] The shown ignition coil is constructed with a 
circuit shown in Fig. 5 of Japanese Patent Application 
25 Laid-Open No. 10-325384, and operates as shown in 
Fig. 8 in the same publication. 

[0066] In the primary coil 5, coatings 5A and 5B of in- 
sulative body (for example ester imide, amide imide, 
urethane or the like) of thickness of 1 0 to 20 u.m is pro- 
30 vided around the copper line (o500 to 800 ujn) as dia- 
grammatically shown in Fig. 9. In the shown embodi- 
ment, the first coating 5A is ester imide and the second 
coating 5B is amide imide to form two layer coating. 
[0067] As diagrammatically shown in Fig. 1 6, the out- 

35 er coating 5B contains a component 5C having no affin- 
ity or not chemically react with epoxy resin (for example, 
nylon, polyolefin, such as polyethylene, polypropylene, 
fluorinated resin, fluorinated elastmer. fluorinated rub- 
ber, wax, fatty acid ester). In the shown embodiment, 

40 discussion will be given particularly with respect to fatty 
acid ester. Fatty acid ester has better dispersion prop- 
erty in varnish condition before baking of the coating in 
comparison with low molecular weight polyethylene, 
and has lower melting point than amide imide to be pre- 

45 cipitated on the surface of the coating. Furthermore, fat- 
ty acid ester contains non-polar hydrocarbon compo- 
nent (CH 2 CH 2 ) to have no affinity with epoxy resin. 
[0068] Therefore, bonding force between the surface 
of the primary coil and epoxy resin becomes small. A 

so thickness of amide imide layer is in a range of 0.05 im 
to 5 im. Nodelamination effect cannot be attained at the 
content of fatty acid ester less than 2 to 10% by weight 
with taking content of amide imide as 100% by weight, 
and if the content of fatty acid ester in excess of 1 0 % 

55 by weight, heat resistance can be lowered. 

[0069] When nylon or fluorinated material is used as 
a component not affinity orcause chemical coupling with 
the insulative resin, making process is increased to re- 
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suit in cost up. 

[0070] As set forth above, the reason why the compo- 
nent 5C having no compatibility with epoxy resin 8 is to 
reduce the stress component a1 (for satisfying the fore- 
going condition® ) created within the secondary bob- 
bin by thermal shrinkage difference (linear expansion 
coefficient difference) between the primary coil 5 and 
the secondary bobbin 2 among stress 6 created within 
the secondary bobbin. 

[0071] Also, it becomes possible to reduce delamina- 
tion by thermal stress acting on the interface between 
the secondary coil and the secondary bobbin. 
[0072] As set forth above, in the independent ignition 
type ignition coil which is subject to severe temperature 
environment as installed within the plug hole, It becomes 
possible to reduce thermal stress of the secondary coil 
due to linear expansion coefficient difference between 
component members, ensure prevention of cracking in 
the secondary bobbin, and achieve high quality and high 
reliability of the ignition coil assembly of this kind by 
maintaining good electrical insulation. 



Claims 

1 . An independent ignition type ignition coil for an in- • 
ternal combustion engine to be used by directly con- 
necting with each ignition plug of the internal com- 
bustion engine, in which a center core ; a secondary 
coil wound around a secondary bobbin, and a pri- 30 
mary coil wound around a primary bobbin are coax- 
ially arranged in sequential order from inside within 
a coil casing, and insulative resin being filled be- 
tween these components, 

wherein said primary coil having a coating film 35 
or coating layer containing non-polar hydrocarbon 
as component having no affinity or not causing 
chemical reaction to an insulative resin. 

2. An independent ignition type ignition coil for an in- 40 
ter nal combustion engine to be used by directly con- 
necting with each ignition plug of the internal com- 
bustion engine, in which a center core : a secondary 
coil wound around a secondary bobbin, and a pri- 
mary coil wound around a primary bobbin are coax- 45 
ially arranged in sequential order from inside within 
a coil casing, and insulative resin being filled be- 
tween these components, 

wherein said primary coil having a coating film 
or coating layer containing -f CH 2 CH 2 . ^ n (n ^ 2) so 
or-f CH 2 - CH(CH 3 ) 4- n (n is 2) as component 
having no affinity or not causing chemical reaction 
to an insulative resin. 

3. An independent ignition type ignition coil for an in- 55 
ternal combustion engine to be used by directly con- 
necting with each ignition plug of the internal com- 
bustion engine, in which a center core, a secondary 
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coil wound around a secondary bobbin, and a pri- 
mary coil wound around a primary bobbin are coax- 
ially arranged in sequential order from inside within 
a coil casing, and insulative resin being filled be- 
tween these components, 

wherein an outermost coating of said primary 
coil having a coating film or coating layer containing 
any one of nylon, polyolefin such as polyethylene, 
polypropylene or the like, fluorinated resin, fluori- 
nated elastmer fluorinated rubber, wax, fatty acid 
ester as component having no affinity or not causing 
chemical reaction to an insulative resin. 

4. An ignition coil for an internal combustion engine as 
set forth in any one of claims 1 to 3, wherein said 
secondary bobbin is PPS or modified PPE. 

5. An independent ignition type ignition coil for an in- 
ternal combustion engine to be used by directly con- 
necting with each ignition plug of the internal com- 
bustion engine, in which a center core, a secondary 
coil wound around a secondary bobbin, and a pri- 
mary coil wound around a primary bobbin are coax- 
ially arranged in sequential order from inside within 
a coil casing, and insulative resin being filled be- 
tween these components, 

wherein said secondary bobbin being formed 
of PPS material, said primary bobbin being formed 
of PPS material, an inner insulating coating on a 
surface of wire of said primary coil being formed 
with a first coating taking ester imide as primary 
component and a second coating on outside of said 
first coating and taking amide imide as primary com- 
ponent, said second coating containing non-polar 
hydrocarbon having lower melting point than amide 
imide, and epoxy resin being filled between wire of 
said primary coil. 

>. An independent ignition type ignition coil for an in- 
ternal combustion engine to be used by directly con- 
necting with each ignition plug of the internal com- 
bustion engine, in which a center core, a secondary 
coil wound around a secondary bobbin, and a pri- 
mary coil wound around a primary bobbin are coax- 
iaily arranged in sequential order from inside within 
a coil casing, and insulative resin being filled be- 
tween these components, 

wherein said secondary bobbin being formed 
of modified PPE material., said primary bobbin being 
formed of PBT material, an inner insulating coating 
on a surface of wire of said primary coil being 
formed with a first coating taking ester imide as pri- 
mary component and a second coating on outside 
of said first coating and taking amide imide as pri- 
mary component, said second coating containing 
non-polar hydrocarbon having lower melting point 
than amide imide, and epoxy resin being filled be- 
tween wire of said primary coil. 
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